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ELECTRONIC EQUIPMENT PACKAGING FOR A MOBILE LABORATORY 

A B S I "  

3/71? 
This report presents the temperature limitations of the types of 

Components which could be used in a Lunar Mobile Laboratory (MOM) 

and compares these temperature limits with the MOLAB mission 

temperature 8 .  

A list of the basic components which could be used to make up the 

required electronic units is included, and the non-operating 

temperature limits of these components are tabulated. 

A comparison is made af the non-operating temperature limits 

of the components with the MOLAB mission temperatures. 

There is a discussion of the factors which will effect the 

operating temperatures of the components and the relation- 

ship of these factors with the MOW mission temperatures. 
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1.0 OBJECTIVE 

The purpose of t h i s  r epor t  i s  t o  e s t a b l i s h  the necess i ty  f o r  

~ o n t r o l l i n g , t h e ~ t e m p e r ~ . ~ u r e . o f . t b ~ ~ ~ O ~ B  eleatroni&:eqq&pmen.t 

and t o  determine some of  the  temperature limitgtioons of the  equip- 

ment which can be used as a s t a r t i n g  point  f o r  fu tu re  s tud ies .  

Environmental f a c t o r s  o ther  than temperature have not  been 

included in t h i s  study. It has been assumed t h a t  the temperature 

e f f e c t s  can be i so l a t ed  from o the r  environmental f ac to r s .  The 

e f f e c t s  of high vacuum or  humidity can be eliminate-d by hermetic 

seal ing;  the e f f e c t s  of shack and v i b r a t i o n  by shack i s o l a t o r s .  

Although the  e f f e c t  of pene t ra t ing  r a d i a t i o n  has  not  been included, 

t h i s  could be a c r i t i c a l  problem area. Some information has been 

received regarding the  r e s i s t ance  of components to. r ad ia t ion ,  but 

not  enough t o  be s i g n i f i c a n t  f o r  inc lus ion  i n  th t se repor t .  
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2.0 TYPES OF ELECTRONIC COMPONENTS 

The first step in determining the temperature limits of the 

MOW electronic equipment ir to establish the types of components 

that will be used. An attdlnpt has been made to determine the basic 

components such as tradbistors and resistors, which will have to be 

used in the various WLAB systems. 

of the temperature limitations without being limited to functional 

units produced by specific manufacturers. 

cg2 basic components uhich control the capabilities of the complete 

This approach permits an analysis 

It also pinpoints the criti- 

units . 

The major source of information for establishing a list of basic com- 

ponents was individual studies made on the various MOLAB systems. 

Electronic catalogues also were used as a source of types of components. 

A list of the MOLABfs systems and sub-systems is shown below: 

1. 

2. 

As trionics 

a) Coamunications - mfcrowavc and low frequency 

b) Telemetry 

c) Video 

d )  Navigation 

e) Canrmand & Control 

PO-T 

2) Power Supplies 

b) Power Distribution 
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It should be noted t h a t  the s tud ie s  which are being conducted 

on the  above systems are parametr ical ;  therefore ,  the systems 

examined here are not  necessa r i ly  those which eventuaI ly  w i l l  

be used f o r  the  MOLAB.. It i s  an t i c ipa t ed  however, t h a t  changes i n  

the system concepts w i l l  no t  ma te r i a l ly  e f f e c t  the  types  of 

bas i c  cornponenta used. 

Figure 1 is a # U n C t i O Q a l  diagram CKf a .sy~i.cal C0rrcqt.t of it& 

MOLAB e lec t ron ic  systems. Each block r ep resen t s  a func t iona l  

u n i t  of the system which might r ep resen t  p a r t  o f  a physical 

u n i t  o r  several  physical  un i t s .  A b r i e f  desc r ip t ion  of  these 

systems w i l l  follow, along with a l ist  of  t h e i r  bas ic  components. 

2.1 ASTRIONICS 

2.1.1 COMMUNICATIONS 

Two types of communication systems may be used with the M0LA.B. 

The RF microwave system m o s t  probably w i l l  be used as the l i n k  between 

the e a r t h  and the MOLAB, and the low frequency system could be used a s  the 

l i n k  between the  MOLAB and a roving  astronaut .  

a l i s t i n g  of the func t iona l  u n i t s  and the  bas ic  types of com- 

ponents used i n  a t y p i c a l  communication system: 

The following is 
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a) RF Microwave 

Transmitter (Amplifier and Exciter1 

Traveling Wave Tube 

Microwave planar Triodes 

Micro-Circui t s 

Insulators 

Stabilitrons and Amplitrons (Crossed Field Tubes) 

Magnets 

Backward Wave amplifiers 

Resistors 

Transistors 

Capacitors 

Diodes 

Transformers 

Crystals, Frequency Control 

Etched Circuitry 

Wire 

Chokes, Eflt,er 

Modulator 

Res i s  tors 

Transistors 

Capacitors 

Diodes 

Transformers 
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Cry s t a1 s , Fre quem y Con t r o 1 

Etched Circuitry 

Wire 

Chokes, Fi l ters  

Hicro-Circuits 

In sul a t  ur s 

Reactance Tube 

Diplexer 

Res is tor8 

Trans i 8 tor a 

C apac i tor 8 

Diodes 

Etched Circuitry 

Wire 

Micro-Circui t s 

Insulators 

BF Preamplifier 

*Backward Wave Oscillator Amplifier 

*Traveling Wave Amplifier 

*Microwave Triodes 

Re s f s tor s 

* Only one df these three would be used - probably the 

Traveling Wave :Amp1 i f  ier. 

7 



Trans i s tor s 

Capacitors 

Etched Circuitry 

Wire 

Micro-Circuits 

Insulators 

Multicoupler -. 
Re s i  s tors 

Transistor 8 

C apac i tor s 

Diodes 

Etched Circuitry 

Wire 

.Micro-Circui ts 

Insulators 

FM Receiver 

Re s i  s tor s 

Transistors 

Capacitors 

Diodes 

Transformers 
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Chokes 

Etched Circuitry 

Wire 

Micro-C ircui  t s 

lamlators  

Video R e c t i w r  

Be sf I tor e 

Trans is  tor s 

Capacitor B 

Diodes 

Transf ormera) 

Chokes 

Etched Circuitry 

WLre 

Micro-C ircu i t  s 

Insulators 

Display Console 

Speaker 

Cathode Ray Tube 

Servo-Dt ive 

AC, DC, Motor 

Gears 

Pul ley8 

Belts 

Relay 

coaxial Cable 

Antenna 
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b) Low Frequency 

Dip1 exer 

Same as RF Microwave 

RP Power Amplifier 

Same as RF Microwave 

Transmitter 

Same as RF Microwave 

RF Pre-Amplifier 

Same as RF Microwave 

FM Receiver 

Same as RF Hicrovasq 

Display Console 

Speaker 

Microphone 

2.1 .2  TELEMETRY 

The telemetry system is the link between the parameters being 

measured and t h e  RF microwave communication system. The following 

is a list o f  the functional units and the basic types of components 

used in a typical t e l emc l ry  systen: 

Encoder 

Resistors 

Trans is tors 

Capacitors 

Diodes 

Etched Circuitry 

10 



Wire 

Micro-Circui t s 

Insulators 

Multiplexer 

Re s i  s tor s 

Transistors 

Capacitors 

Diodes 

Etched Circuitry 

Wire 

Micro-Circuits 

Insulators 

Signal :Conditioner 

Re s i s tors 

Transistors 

Capacitors 

Diodes 

Etched Circuitry 

Wire 

Mic r o -C ir c u i t s 

Insulators 

Batteries (Reference Voltage) 

Pro g r  annner 

Res i s  tors 

Trans i s  tor s 

Capacitors 

Diodes 

11 



Etched Circuitry 

Wire 

Micro4 ircui  t 8 

Insulators 

Crystals, Frequency Control 

Tape Recorder 

Magnetic Tape 

Mqtor, AC or DC 

Lubricant 

Belts 

Gear 8 

Bear ings 

Erase / Record / Reproduce Heads 

Insulators 

Permanent Hagne t8 

Reels 

Rollers 

Capstans 

Springs 

Oscillator 

Re s i s  tor 8 

Trans i s  toys 

Capacitors 

Etched Circuitry 

Wire 

Micro4 i rcu i t  s 

Latching Relay 

Photo Diodes 
12 



2.1.3 WIDE0 

The video system w i l l  provide the visual link between the earthamd 

the MOLAB. 

t h e  basic types of components used i n  a typical v1de.o system: 

The following is a l i s t i a g  of the. functional units. and 

Cameras 

Lens 

Shutter 

Vidicon Tube 

Deflection Coils 

Iris 

Optical Fi l ters  

Synchronous Generator 

Crystals, Frequency Control 

Re s i s  tors 

Transistors 

Capacitors 

Diodes 

Etched Circuitry 

Wire 

Micro-Circuits 

Insulators 

Inductors 

13 



Video Amplifier 

Res i 8 tor s 

Transistors 

Capacitors 

Diodes 

Etched Cirouitry 

Wire 

Micro-Circuits 

Insulators 

Induc tors 

Mixer - 
Re s i s  tor 8 

Transistors 

C apac i tor s 

Diodes 

Etched Circuitry 

Wire 

Mic r 04 i r  c u i t s 

Insulators 

Se-rvo Mechanism (For Camera Positioning) 

AC or DC Motor 

Gears 

Pulleys 

Belts 

Bear ings 

Lubr i c  ants 

Re 1 ay 
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Servo Amp1 i f  ier 

Re s i s tor s 

Transistors 

Capacitors 

Diodes 

Etched Circuitry 

Wire 

Mieto4itcuit.s 

Insulators 

The navigation system w i l l  provide a mane far ertablirhing the 

position of the mLcLB on the lunar surface, and will operate in 

conjunction with the control ryrtem and the coarwnication bjbtam. 

The following is a list of the functional units and the basic t p s  

of components used in a typical navigation system. 

Hotion Transducers 

Odometer 

Tacome ter 

Accelerometer 

Navigational Computer 

Resistor s 

Transistors 

Capacitors 

Diodes 

15 



Etched Circuitry 

Wire 

Micro -C irc  u f t s 

Insula tors 

Inductor s 

Clock System 

Tr an 8 i 8 tor 

Resistors 

Diode s 

Capacitor8 

Etched Circuit8 

Crystal Controlled Oscillator 

Indicators 

Wire 

Micro-Circuit s 

Insula tors 

Attitude Sensor (Gyros) 

Bearings 

Lubricants 

Coordinate Computer 

Re s i  s tor s 

Trans i s tor s 

Capacitors 

Diode 8- 

Etched Circuitry 

Wire 

16 



Micro-Circuits 

Insulators 

Induc tor s 

Coordinate Generator 

Res i s  tors 

Transistors 

Capacitors 

Diode 8 

Etched Circuitry 

Wire 

Micro-Circuits 

Insulators 

Induc tors 

Conditionez: 

Be si s tor s 

Transistors 

Capacitors 

Diodes 

Etched Circuitry 

Wire 

Micro-Circuits 

Ineul a tor 8 

Inductors 

&ale: Bkasurinjz Device 

17 



2 .1 .5  C O W N D  AND CONTROL 

The command and control system provides the means for controlling 

the various furlctioris of thc MOIAB. "hc following is, a l.isi: (if the 

functional units and the basic types of components used in  ,. ;J )ita;. 

c c m r w d  and control sycte: L 

Analyzer 

Rectifier 

Relays 

Re s i s tor LI 

Transistors 

Capac i tors  

Diodes 

Etched Circuitry 

Wire 

Micro-C ircui  ts 

Insulators 

Controls 

AC or DC Motors 

Gear 8 

Pulleys 

Bearings 

Belts 

Lubricant B 
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2.2 POWER SYSTEM 

The power eupply provides the  e l e c t r i c a l  power for a l l  the othQr 

MOLAB s,ystems. 

the basic  types of the components used in a typ ica l  pj:ler su,)plY. 

The following i s  a l i s t  of the  funct ional  u p i t s  and 

Battery S i lve r -  Z i w  

Fuel C e l t  

- . . . . - .  . 

Solenoids 

Chemical o 

plow Control System 

So 1 eno i d  s 

Valves 

Pressure Switches 

Transducers 

Tankage 

Hydrogen 

Oxygen 

- NEPS (Nuclear E l e c t r i c  Power Subsystem) 

Radiator ---- 
Vaivcs 

Sensors (thermal 1 

Pres sure  Sw i t c  he s 

i9 



2 . 2 . 2  POWER DIS'IRIBUTION SYSTEM 

The power distribution system delivora the pomr from the power 

qystem to the other MOM systema. 

the functional units,  and the basic types of cotaponents:u$ed 

i n  a typical power distribution system. 

The folio..v.iug is a iist of 

Control Console 

Swi tc he a 

Wires 

Valves 

Jacks 

Status Display 

Lamps 

Wires 

Regul a tor s 

Re s i 8 tor 8 

Transistors 

Capacitors 

Diode s 

Transforiiiers 

Etched Circuitry 

Wire 

Micro-Circuits 

Insulators 
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Convertors 
Transistors 
Chpacitots 

Dtodes 
Rlsiekors 

Etched Circuitry 

Wire 

Micro-Circuit s 
Insulators 

Inductors 

Inverter 8 

Transformers 

Tr an8 i s tor 8 

Capacitors 

Diodes 

Re si s tor 8 

Btched Circuitry 

Wire 

Micro-Circuits 

Insulators 

Inductors 

Relays 

Wiring 

Sui  tches 

C irc u i t Breaker 8 

21 



3 . 0  MDUB MISSION TEMPERATURES 

The actual determination of temperatures related &o the WLAB mimion 

is being accomplished by other studies. 

here is to permit a comparison of their extremes with the temperature 

limitations presented in sections 4.0 and 6.0, 

taken from preliminary information; therefore, they are subject to change, 

The temperatures w€thin the MOW cabin are especially unreliable sitwe the 

MDLAB configuration has not been finalized. 

The purpose of presenting them 

These temperatures are 

It is assumed that most of the electronic equipment w i l l  be contained 

within the MDLAB cabin. 

and the bulky power supplies, which probably will be located outside the 

cabin. 

There will be some exceptions, such as the antenna 

A list of the WLAB mission phases and the temperatures at different 

Locat ions  relative to the M O M  are shown Lelov: 

Re-Launch Conditions - Packaged 

Packaged 

Unpackaged 

Launch and Boost 

Uncontrolled Cabin 

Ambient Sea Level 

Equipment Bay 

-18OC to +7loC 

'- l0C to +38OC 

-18OC to +7loC 

-54OC t o  -I-7l0C 

-31OC t o  -t43OC 
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Space F l igh t  - Translunar 

Vacuum Equipment Bay 

Controlled Cabin (02) 

Uncontrolled Cabin 

Lunar Surf ace 

Space 

Lungr Descent 

Vacuum Equipment Bay 

Control led Cabin (02) 

Lunar Surf ace 

Space 

Lunar Stay 

Vacuum Cabin and Equipment Bay 

ContrQlled Cabin (02) 

Lunar Surf ace 

Space 

-18OC to  +f loc  

+2loC t o  3r27OC 

- 1 8 O C  t o  +7I0C 

-16tOC t o  +127OC 

-273OC 

-18OC t o  +7loC 

+2loC t o  +27OC 

-162OC t o  +127OC 

-273OC 

-18% t o  +71°C 

+21°C t o  +ZIoC 

-162OC t o  f127OC 

-273OC 

23 



4 .  O NON-OPERATING TEMPERATURE L I M I T S  

The non-operating limits will be established first, since there are 

fewer variables to consider than for those under operating conditions. 

These limits are the temperatures which the compbnent can withstand while 

i n  the brmant state without causing a significant reduction in the re- 

liability or capabilities when under operating conditions. 

The main source of information on temperature limitations has been 

cornponeat manufacturers; a large amount o€  literature .from this source has 

been examined t o  obtain the information presented. 

are designed to meet certain military specifications; therefore, most of the 

temperature limitations correspond to these specirications. 

Most of the components 

In order t o  determine the capabilities of these components to withstand 

temperatures of a greater extreme than specified by the military specifica- 

tions, a form letter was prepared which requested information on the 

extreme environmental limitations of the manufacturer's components. Ap- 

proximately 500 of these letters were mailed out; at the present time there 

have been over 100 replies. Useful information has been obtained from these 

replies, but, in most cases, the reported temperatures correspond to existing 

military specifications. 

The following is a list of the components which conceivably could be used 

in the MOLAB, along with their non-operating temperature limitations. 

This list includes most of the components listed under sections 2.1 through 

2.7,  along with others which may have WOLAB applications. 

components listed that do not have temperature limits shown, Bince the 

There are some 
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information was not: ava3lable or besause i t  was dependent on the 

detail design of the equipmenc. In many cases the environmental 

limitations of thc components are zarrgyictad becawq there has been 

no necessity to devrlop a more ruaed cornponefit. 

made to predict the future state-of-thevlif. 

report is to pinpoint the areas in which an improvement in the state- 

of-the-art would be beneficial. 

No effort has been 

One objective of this 

Acceleromete 

Antetina 

Batteries (Reference Voltage) 

Batteries - Silver Zinc 
Batteries - Silver Csdpsium 

Batteries - Nfckel Cadmfum 
Bearings 

Belts 

Cable 

Cable Coaxial 

Cameras, TV 

Capacitors, Caramic 

Capacitors, Tantalum 

Cathode Ray Tube 

Chokes 

Choppers 

Circuit Breakers 

Coils, Deflection 

Connectors 

4OC t o  4OoC 

-29'C to +74*C 

-4OOC t o  +60°C 

-50% t o  +70°C 

+24OoC 

-495OC to +316'C 

-90% to +260°C 

-65OC fo t W o C  

-65OC t o  +2OO0C 

-85OC t o  +125OC 

ooc to +5S0C 

-55OC to +12SoC 

-55OC to +15OoC 

-54OC to +7loC 

- 198OC to +427OC 
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Crossed Field Tubes 

Crystals  , Frequency Contro 1 

Delay Lines, Distr ibuted,  Constant, Fixed 

Diodes, Germanium 

Diodes, S i l i c o n  

Etched Ci rcu i t ry  

F i l t e r s ,  Band Pass 

F i l t e r s ,  Optical  

Gage, S t r a i n  

Ce  ar s 

Gyro, Rate 

Heads, Erase / Record / Reproduce 

Headphones, Crys ta l  

Headphones, Magnetic 

Inductors 

Insu la to r s  , Ceramic 

Insu la to r s ,  Thermosetting P l a s t i c  

Insu la to r s  , PoIyethylene 

Insu la to r s ,  Polyurethane 

I r is  

Jacks  

Lamps 

Lens 

Lubricant 

-65OC to +1259C 

-65OC t o  +12S°C 

-6SOC t o  +90°C 

-65OC t o  +2OO0C 

-65OC t o  +lOO°C 

+80°C 

-24OOC to +427OC 

-54% t o  +93OC 

-4O'C t o  +65OG 

-4OOC t o  +65OC 

+137OoC 

-195OC t o  .+93OC 

-2OO'C t o  +25OoC 

-:73oc to  +121oc 

-55OC to +177OC 

O i l ,  Low Torque, Low speed, G.E.  Vetsilube F44 
-73OC t o  3-177OC 

Grease, High Speed 

Mo I y:su 1 ph i d e  Bronze 

26 
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Magnet s 

Micro-Circuits 

Microphones 

Microwave Planar Triodes 

Motor, AC 

Motor, DC 

Odometer 

Osc i l l a to r s ,  Tuning Fork 

Pul ley8 

Reactance Tube 

Relay, Contact 

Relay, Crystal  Can 

Relay, D i f f e r e n t i a l  

Relay, Frequency Se lec t ive  

Relay, Latching 

Relay, Mercury 

Relay, Miniature Reed 

Relay, Sol id  S t a t e  

Relay, Time Delay 

Res is tors ,  Carbon Deposited 

Res is tors ,  Conductive P l a s t i c  

Res is tors ,  Film, Metal 

Res is tors ,  Glass 

Res is tors ,  Wire Wound 

Shut te r  

Solenoid 

Speaker 

Springs 

- 184OC t o  +316OC 

- 5 5 O C  t o  +15OoC 

-4OOC t o  +65OC 

-55OC. t o  +125OC 

-55OC t o  +12SoC 

- 5 5 O C  t o  H 5 O C  

- 6 5 O C  t o  +12S°C 

- 7 O O C  t o  +16OoC 

-'65OC t o  +125OC 

- 4 O O C  t o  + 8 5 O C  

- 6 5 O C  t o  +125OC 

- 6 5 O C  to +125OC 

-20% t o  H50C 

- 6 5 O C  t o  +125OC 

- 6 5 O C  t o  +125OC 

- 5 5 T  t o  + l S O O C  

-65OC SQ +150°C 

-55OO f o  +165OC 

-65OC t o  +400°C 

-65OC t o  +150°C 

-54OC t o  +74oc 
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Switches, Acceleration 

Switches, Coaxial Cable 

Switches Contact 

Switches, Cross Bar 

Switches, Pressure 

Switches, Solid S t a t e  

Switches, Thermal 

Tacome t e r  

Tape Recorder 

Tapes, Recording, Magnetic 

Thermig t o r s  

Transducers (Angular Pos i t i on )  

Transducers (Linear Motion) 

Tr ans ducer s (Magnetic Eickups ) 

Transducers (Pressure) 

Transducers (Temper a t  u re  ) 

Trans formers 

Trans i s t o r s ,  Germanium 

Trans i s to r s ,  S i l i c o n  

Trave 1 ing Wave Tube 

Valve 

Vidicon Tube 

Wire 

-54OC t o  +930c 

-55OC t o  *O0C 

-184OC t o  +149OC 

-62OC t o  +85OC 

-54% t o  +12 1% 

-55oc t o  +loooc 

-54OC t o  +232OC 

-55OC t o  +125OC 

- 5 4 O C  e6 +74OC 

-40% t b  +1:21oc 

- 1 OOOC t 0 +3 00% 

r730C t o  +121oc 

-73OC to +1210C' 

-184OC t o  +316OC 

-195OC t o  +26OoC 

-240OC t o  +788OC 

-55OC t o  +150°C 

-65'C t o  +lOO°C 

-65OC t o  +2OO0C 

-65OC to  +lOO?C 

-184OC t o  +149OC 

ooc t o  +55% 

-195OC to +316OC 
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5.0 COMPARISON OF NON-OPERATING TEMPERATURE LIMITS W I T X  MOLAB ENVIRONMENT 

Figure 2 shows the  non-operating temperature ranges of t he  HOW 

components and the temperature extremes of t he  MOW environment. 

The most favorable environment will be wi th in  the  HOLAB cabin during 

the manned per iods when the temperature w i l l  range between 2l0C aad 

27OC. 

the  se temper  a t u r e  s . 
As would be expected, a l l  of the  W components w i l l  withstand 

During the pre-launch period, and in t he  packaged condi t ion,  the 

temperatures vary from - 54O t o +  71OC. 

too extreme f o r  some of the components. The th ree  common high-capacity 

b a t t e r i e s  ( s i l v e r  - zinc,  silver - cadmium, and n icke l  -cadmium) should 

not  be exposed t o  temperatures as low a s  - 54OC. 

+ 7 l o C  a l s o  i s  more extreme than the s i l v e r  - cadmium b a t t e r y  should be 

exposed to. I f  b a t t e r i e s  a r e  used they probably w i l l  be shipped t o  the  

launch site separa te ly  from the MOW i n  order  t h a t  spec ia l  ca re  may be 

taken i n  t h e i r  handling. 

These temperatures w i l l  be 

The high temperature of 

Another component t h a t  w i l l  not wirh3tap.d the  pre-launch packaged period 

i s  the cathode r ay  tube. This possibly could be i n s t a l l e d  a t  the launch 

si te i f  such provis ions were made during the design of the equipment. 
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The headphones and microphones have a temperature limitation of 

-4OOC to +55OC. 

installed easily at the launch site. It also is possible that the 

temperature limitations of these components can be extended. 

They probably will be loose equipment and could be 

The magnetic tape for the tape recorder,has a low temperature limit of 

-4OOC. This is another component which probably could be installed 

at the launch site. 

The vidicon tube will be just as sensitive as the cathode ray tube, 

and probably should be handled in the same manner. 

Durihg the pre-launch period and in the unpackaged condition the tempera- 

tures may vary from -31OC to 443OC. 

shbuld not be exposed to the -31% temperature. 

zinc battery, the cathode ray tube, and the vidicon tube. Since the 

MOLAB will still be on the earth when these temperatures occur, it should 

not be hard to control the environment of these components. 

There are three componepts which 

These are the silver- 

During the launch and boost period of the mission, the temperatures within 

the uncontrolled cabin and the equipment bay will be between -18OC and 

+7loC. 

mium and nickel-cadmium batteries, the headphones, and the microphones. 

They exceed both the upper and lower limits of the cathode ray tube and the 

vidicon tube. Either some type of temperature control will have to be pro- 

vided for these components 

will withstand these temperatures. 

These temperatures will exceed the upper limit of the silver-cad- 

or components will have to be developed which 
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During the f l i g h t  from the e a r t h  t o  the moon, the temperatures 

wi th in  the uncontrolled cabin  and the equipment bay w i l l  be the 

same as  they were during the launch and boost period. 

i s  t r u e  during the lunar  descent and the  lunar  s t a y  periods.  

The components t h a t  required temperature con t ro l  during the launch 

and boost per iods w i l l  a l s o  r equ i r e  temperature con t ro l  during these 

per iod s. 

This  a l s o  

It should be noted t h a t  the conclusions reached here  are dependent 

upon the predicted temperatures wi th in  the MOLAB. 

may be considerably d i f f e r e n t  from those t h a t  a c t u a l l y  w i l l  e x i s t - s i n c e  

the configurat ion design and i t s  passive in su la t ing  c h a r a c t r i s t i c s  have 

not  been f ina l ized .  

These temperatures 

It probably w i l l  be necessary t o  expose some e l e c t r o n i c  components 

d i r e c t l y  on the lunar surface.  

used t o  make s c i e n t i f i c  measurements of lunar  surface c h a r a c t e r i s t i c s .  

Although no e f f o r t  has been made t o  include the components used 

f o r  s c i e n t i f i c  measurements i n  t h i s  r epor t ,  i t  is  poss ib le  t h a t  

some of the components included here could be used fo r  t h a t  purpose. 

Usually, the  allowable temperature extremes fo r  these types of com- 

ponents are  g rea t e r  because t h e i r  use has  been required previously 

i n  o ther  extreme environmental condi t ions.  

This would be t r u e  of equipment 

Lis ted  below are some of the components which may be capable o f  

withstanding the 1.u.nar surface temperatures: 

Ac c e 1 er ome te r 

Cable 
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Connec tor 8 

Gage, Strain 

Insulatere 

Magnets 

Switcher, Contact 

panrducers, Magnetic Pickups 

Tran~ducers, Pressure 

Transducers, Temperature 

Wire 
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6.0 OPERATING TEMPERATURE LIMITS 

The determination of the operating remperature limits for particu'lar types 

of components is difficult without actually establishing the design of 

the electronic equipment. 

There are many variables other than the characteristics of the electronic 

component itself which will determine the allowable operating temperature. 

One factor is the reliability of the component (mean time between fdilure) 

as it varies with the operating temperature of the component. 

reliability for the component will be dependent upon the number of components 

in the system, the required life of the system, and the consequences of 

failure 

The required 

Another factor which must be established is that element which constitutes 

a failure. 

may render it useless in one application 

in another. 

A slight change in operating characteristics of a component 

but be of no significant consequence 

There necessarily will be a trade-off between the operating temperatures 

of the components and the number of components in the system. 

the operating temperature can be reduced by adding additional components 

to the system. The lower operating temperature will tend to increase the 

reliability, but the additional components will tend to reduce it. 

Usually 

It would be advantageous if a mathematical model were set up to include all 

of the parameters effecting the operating temperatures of the components. 

This could be a very useful tool in tl,c Lbnalyzation of design proposals. 
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An attempt w i l l  be rrdc i n  t h i s  section to  establish some of the known 

relationships between the various parameters, and,alro,to show areas where 

emre investigation w i l l  hav& to  be conducted. 

The following parmeters appear to  determine the component operating 

t esnpcr atures : 

R 

N 

t 

Td 

*CD 

TC 

r 

Reliabil i ty (The probability that  fa i lure  w i l l  occur) 

m b c r  of components in the system 

Required operating time 

Temperature of heat dissipating surface 

Theraaal resistance between the c r i t i c a l  component element 

and the heat dis8ipati"ng rurface 

Temperature of c r i t i c a l  component element 

Redundancy factor 

The general equation for the r e l i ab i l i t y  of an individual component Sa$ 

where R = Reliabil i ty (same 8. above) 

e = Natural log 2.718 

A= Chance failure r a t e  

t = Operating time 

i f  %were a constant, t h i s  equation would be rinplyr 

R(t) = e -At 
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However, it is known that Ais some function of temperature and also of 

other environmental characteristics such as shock and vibration. It also 

may be a function of operating time. As mentioned previously, it will be 

assumed that the environmental effects other than temperature can be re- 

duced or eliminated by the design of the equipment. 

As long as only one component is considered, the equation remains fairly 

simple; however, an electronic system consists of many components, and even 

different systems will be inter-related. In an electronic system with a 

large number of components, it can be assumed that the components will 

operate in series, which means that if any one component fails rhe who1.e 

system fails. If there is a redundancy within ,he system, the failure rate. 

of the redundant system still can be, considered a unit in series with the 

system, 

The total reliability of a sygtem with series components is equal to the 

product of all the component reliabilities. 

'n R s = R 1  9 R2 R3 Rq 

dr by substituting the preceding equation: 

It can be seen that R,, the system reliability, will approach one or 100 

percent, 8s the factor %p &= &= & Vpproaches rero. 

equation reduces to the simple addition of failure raterr. 

reliability w i l l  be obtained when the sum of the ipdivldual component 

The whole 

The maximum 
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f a i l u r e  rates is a minimum. 

The determination of t he  ind iv idua l  component f a i l u r e  rates is the 

d i f f i c u l t  problem. 

u n t i l  r ecen t ly  and s t i l l  is not  ava i lab le  f p r  many components. 

information t h a t  i s  obta inable  is d i f f i c u l t  to c o r r e l a t e  with the lunar 

environment. ?or example, o f t e n  the  component f a i l u r e  ra te  i. p l o t t e d  

aga ins t  t h e  ambient air temperature. 

rnd t h e  HlLAE c8bin atmosphere wil l  be q u i t e  d i f f e r e n t  from that of the 

atmosphere on t he  ea r th ,  t h e  da t a  w i l l  have t o  be rev ised  to make i t  

useable.  

This type of inforamtion has not  become a v a i l a b l e  

The 

Since the re  is no a i r  on t h e  mop, 

Another problem is obtaining low temperature f a i l u r e  rates. Wst 

f a i l u r e  rate curves stop a t  0" or +20°C. 

creas inu  a t  them t m p e r r t u r e s .  

t h a t  are l o w  enough t o  i n d i c a t e  the  pofnt of ninfmum f a i l u r e  r a t e .  

The f a i l u r e  rate is s t i l l  de- 

Data should be obtained f o r  temperatures 
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7 e 0 COMPARISON OF OPERATING TEMPERATURE LIYITS WITH THE MOLAB ENVIRONMENT 

Although no actual operating temperature limits have been established for 

the MOLAB components, an attempt will be made in this section to dicrcuss 

the relationship between the operating temperatures and the MOLAB environ- 

ment 

During the manned phase of the MOLAB mission, the MLAB cabin temperature 

will be maintained between +2loC and +27OC. 

within the operating limits of the electronic components, but it is possiblt 

that the electronic components will not be a t  the most reliable operating 

point at this temperature. Since the failure rate for most components 

is still decreasing at temperatures of Oo or 2OoC, it would be desirable 

to keep the electronic components at a lower-than-cabin temperature. 

These temperatures will be 

It is possible that these lower temperatures can be obtained without any 

increase in mass or power requirement. In section 3.0, the lunar surface 

temperatures are stated to range from -162OC to +127OC. The average 

temperature of these two extremes is -17.5OC. By proper location of the 

electronic equipment with respect to the controlled cabin and the MOLAB 

exterior, and the intelligent use of insulating materials, it should be 

possible to obtain the temperature range desired for the electronic 

equipment. 

it always will be possible to reject heat from the MOLAB. 

lunar noon, when the lunar surface would be at its maximum temperature, 

it is possible to radiate heat to space, which is at O O K .  

It appears that regardless of the period of the lunar day, 

Even at 
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The most c r i t i c a l  period may be during the  lunar n ight  when the  MILAB 

is  unmanned. This could be the  most cos t ly  period of t h e  M)LAB mission, 

s i n c e  power may be required to prevent t h e  temperature af t he  MOLAB from 

8 o i q  below a c e r t a i n  point .  Even though some component8 may withstapd 

the  low tenperaturea when not operating, they may not opera te  properly. 

a t  these  tetbperaturee. 

t o  operat ing temperature, but  i t  MY not be poss ib le  to  1Lve with i t a  

opera t ion  u n t i l  t h i s  point  i s  reached. 

r e s i s t o r  may be so low a t  low temperature t h a t  i t  w i l l  al low an excessive 

cu r ren t  t o  pass through another p a r t  and cauae it to  f a i l .  

The i n t e r n a l  heat ing of the  p a r t  may b r i w . i t  up 

For example, t h e  r e s i s t a n c e  of 8 

The MOLAB can never be completely dormant, or there w i l l  be no means 

f o r  communication wi th  it. 

opera t ing  continuously,  and a l s o  some por t ion  of the  power sppply ope ra t in4  

t o  power the  receiver. 

a l s o  w i l l  have t o  opera te  continuously. 

temperature con t ro l  required during a l l  of t he  MDLAB's lunar s tay .  

There mwt be a r ece ive r  of some type 

There doubt lessly w i l l  be o ther  equipment which 

There w i l l  necessa r i ly  be some 
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